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Resistance  of  ships  in  canal  iocks. 


1.  The    tests   of  de^^s    (1895),   "Rne-els   end    Gebers    (19^7), 

and   model   tests  at   the   T'l.T'^.B.   support   the   fornrula 


=  I  -hk-n^ 


in  which  R  and  Rq  ^^®   "^^^   resistances    of  a   ^iven  ship  in   the      canal 
and  in   open  water,    n  is   the   ratio  of  the   sectional  area    of  the   ship 
to  the  remaining  area   between  ship  and   canal  boundary,   and  k  is  a 
ntimber  whose   value   is  about   11. 

Each   term  in  this   formula    is    dimensionless ;    the   tests 
oOTer   lenp-ths   from  4   feet   to    125   feet  without   systematic  variation 
of  k  with   lenerth   (except  at  4   feet).      The    formula    is,    therefore, 
assumed   aptilicahle    to    full   sizec!    vessels.      An   increase   of  k  with 
speed    is    inf^icated,    but   does   not  preatly  affect  results  at   low  spee'ls. 
It   is    estimated   that    the    error   of  resistances   calcul^teri   by  the    form- 
ula  will  not   exceer!  ±  SS'^  at  spee-^s   not  exceedinpr  3  hinots   in  ships 
of  600   feet   length  and    over. 

2.  A   considerable  amount   of  study  has   elsewhere  been 

given  the   problem^   of  resistance   in  restricted    channels,   but  in  no 
known  previous    tests  has   n  been  carried   to   values   excee'linfr  ^A. 
The   values    of   n   in   the    new  tests  at   the   "F^.f'^.'B.   ranj^e    from   0.4  up 
to  2.8.      The   tests  were   made  with  models    of   two   sectional   forms, 
one   broad  and    shallow  and  the    other   narrow  and   deep.      There   is   no 
difference  between   these   two   cases   within  the  rather  wide   limits 
of  error   of  the    tests.      It   is   therefore   considered   that   the   formula 
offers   the   best   'iata   available   for   rough   estimate    of  resistance   in 
very  narrow  and    shallow  channels. 


3.  Estimated  resistances  at  Tiniform  spee'1    of  the   three 

ships   named  are   as   follows: 

n  1  kto  2   kts.  3  kts. 


TEXAS 

(with  blister)    1.89 

20,000 

75,000 

165,00  0 

lbs. 

NEVADA                        2.04 

22,ono 

80,ooo 

165,000 

lbs. 

LEXinOTDN                2.19 

39,^00 

135,000 

290,000 

IbSo 

4,  The  Tnsln   festtires   of  motion  of  the  water  about   the 

ship  are   as   follows: 

(a)  The  water  moves    forward   of  the   ship  and 
the   level   there   rises   over  s    distance   equal   to   two   or 
more   lengths. 

(b)  Abreapt   the   ship  the  water  moves  aft  and 
the   level  is    depressed . 

(c)  Aft   there   is   a    following  wake,    stronsrly 
turbulent,    with  recovery  of  water   level  which  nearly 
but  not  quite  reaches    that    of  the   trndisttirbed  water  by 
the   ti^e   the   stern  is  reached. 

"^rictional  resistance  at  a    given  speed    is   increased  dne 
to   increased  speed  of  water  past   the   surface   of  the   ship.      The  mean 
speed    of  the  water,  iX^    ,    taken   over   the   section  available   for  flow, 
is   equal   to   n   times    the    speed   of  the    ship,    v,    thoujBrh  the   maxir^i-niB 
vsltie  n  is   greater,   as   a   considerable  part   of    the   section  is   oceupitd 
by  water   flowing  forward    Insteat^    of  aft;    thus    (JL=-k,'^'^» 
The   ratio   n  has'  a   maxirnm  value  at  the   midship  section,    and   its 
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mean  value    taken   over  the    lenjeth   of  the   ship   is    therefore    less; 
bnt  we   may  reasonably  take   the   value  amidship  as   our  parameter 
and  account   for    the    departure   of  mean  from  maTimxim  value  by  means 
of  a    coefficient,    determined    by   test. 

The  residuary  resistance   is    due   to   the   pressure    of  the  water 
which   stands   at  a    hip-her   level   forward   than   aft.      The  rise    of  water 
level   forward    is   du»   to    the    fact   that   the   water   cannot   flow  aft 
a^inst   the   frictional  resistance   until  a    pressure   srradient   is   built 
up   to  push   it.      The   amount   of  the   pressure   p-radient   depends    on   the 
frictional  resistance   which  is,    in  first  approxin»tion,   proportional 
to  fX    . 

5,  In  symbols,    let  H     be   the   increase   in   frictional,    and 

f?^  the   residuary  resistance   in   the   lock.      Rq  at   the   speeds   in   ques- 
tion is   entirely  frictional.      The    total  resistance   is   thus   made  up 
of  three   terms: 


R  =  R,^R,  ^R^. 


The  frictional  terms  give  us 


Ro  +  K        cc\  ^  i,\- 


The   residuary  term 
Thns 


R. 


Kr.\ 
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Observstions   p-ive   tie   a    roup-h   indicPtion   of  tVie  relative 
values    of  ffj    and  Hj     .      The    de-nression  amidship,   by  ^ernonlli's 
emiation,    1p   ^75     .       'Tien   t   =  n.Ji  i<:nots,    or    .5?    feet   per   second, 
and    n    *  ?.8,    the   depression  ir^    observed    to   be   about   one    inch.      Thus 

H^^  nl/-    -     I.S   i^et. 

At   the    same   time   the    rise   in  water   level   forward  was    observed    to   be 
about   1/2    inch.      Area    of  m.idship  section  beinff  about  n.e   sauare   feet. 


so    that  -/1l  ^    M^   _/     —.     5-  ^ 


the   head   resistance   was 


^.=    -£^Ai:^,o.8    ^   9.JU. 


Since 


and 


which   is    in  reasonable   ap-ree^rient  with    the    observed   resistance   of 

P. 5    lbs. 

I\^   ctnoL 

The  small  value  of  rv   in  comparison  with  rw,  permits 

A   ' 


us    to   write 


and  we    thus   rouprhly   .Justify   the    form.ula 


£-  =  I -j- k^'n'' ^K^^  =  f-hk-n 
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which  was   fotinci   approximately  to   fit   observe'^    resistances. 

6.  It   Is   very   likely  that   T^ore  precipe   study  would   show 
the   forrrmla    to  he    InadeoTiete    for    closer  approxlwa tlon   to  actnal 
resistances.      In   particular   it   is   noted    that  k   tends    to  rise  with 
increasing  speeds.      This   is   believed    to   be   due   to  appearance   of 

resistance    terns   depending  on  ,   and   therefore   to  be    of  no   si^ni- 

ficance   in   estlrating'  resistances   at   ship  speeds   below  3  knots.      If 
more  accurate    estimates   are    desired,    it   is   requested   that   the   rather 
extensive   work  required   be    separately  authorized,      Observation  of 
actual   speeds  and   towllne   resistances   at  Panama   would    be   of  vslue, 

7,  The  formula  suggests  the  possibility  of  obtaining  data 
on  friction  In  open  water  by  measuring  towline  resistance  of  a  ship 
when  passing  through  the    locks.      Assuming  that  an  Increase   over 

of  5't  could  be  allowed  for  with  sufficient  accuracy  by  application 
of  this   formula,    so  as   to   leave   errors   from  that  source   not  exceed - 
iner  1*^,    it   is   noted    that  this   method  might  be  user?    for  ships   whose 
sectional  area    did   not   exceed   "5^0   square    feet.      The    length   of  ran 
and    the    towino-  applifinces   available  are   better   than  any  known   to 
e^lst   elsewhere. 

8«  Data   are   summarized   in   the   table   appended.      References 

on   this   subiect  are  as   follows: 

Johow-'^oerster ^s  Filfssbuch,    4th  edition, 

^^  52  7    -   34r». 
Baker,    Ship  '"'orm  Resistance,    1920^ 

Chapter   XV. 
Kngels    ^   Gebers.    SBTG,    1907 
pp   389-416. 


PUT'^^ARY  OF    DATA    OP   P.BSISTAr.^C^  IN   VT'"'PY  PE^-TPICT^    QT-AITHET/^. 

^^jjp  LENGTH  spgap 

Flute  l?."^  feet  see   note 

w  n  w  n  TT 

n  (in  n  IT 

n  If 


Peniche 

125   feet 

Tone 

118,4  " 

w 

118,4   "" 

•Jeanne ( lipht) 

99  Feet 

If 

n 

99     " 

n 

n 

99  Feet 

Jeenaef 

^edixim) 

99  Feet 

TT 

TT 

99      " 

W 

TT 

99      " 

JePnnefhesvy) 

99      " 

n 

11 

99      " 

En|rels  « 

iRd 

93     " 

Gebbers 

23      " 

Spoon 

23      " 

Form 

23      " 

TT 

23      " 

Form 

23      " 

SRarp 

23      " 

Form 

23      " 

TT 

23      " 

TT 

23      " 

n 

23      " 

TT 

23      " 

n 


n 


V39 

It 

.58 

n 

,78 

ff 

o97 

n 

1,15 

TT 

lc36 

n 

.39 

TT 

.68 

TT 

.78 

n 

.97 

ff 

1,16 

ff 

1,36 

n 

n 

'^         1 

k 

.37 

'       §.05 

.286 

0.74 

9,03 

,204 

0.38 

9.05 

.37 

0.89 

6.5 

.37 

1.77 

12/8 

.272 

1,00 

13.7 

.357 

0.88 

6.8 

,278 

n.70 

8,9 

,208 

^.56 

12.7 

.385 

1.41 

9.5 

.286 

1.08 

13,2 

.185 

0.33 

9.7 

.37 

2.00 

14.6 

.?38 

0.71 

12.2 

.377 

1,67 

11.7 

.377 

lo72 

12,1 

,377 

2,07 

14.5 

.377 

2,67 

18,8 

.377 

3,8 

2^.8 

.377 

7.6 

54, 

.377 

1.0 

7.0 

.377 

1.1 

7.7 

.377 

1,38 

9.7 

.377 

1.85 

13,0 

,377 

2.85 

2o. 

.377 

6.6 

46, 

ST7T.TARY  ■^'^   PATA    fcoirpleted) 
SHI  P  T^EITGTH 


'^?541 

4   fee 

ft 

4      * 

n 

4      " 

ft 

4      " 

ft 

4      " 

New  Fexioo 

4      " 

ft        ft 

W                  ft 

4      " 
4      " 

ft           ft 

4      " 

ft          ft 

4      " 

It         If 

4     " 

ft          ft 

4      " 

Model 
'2510 

10   " 

If 

10  " 

It 

10   " 

ft 

10  " 

Pew  ?^exioo 

10  " 

f»        ft 

10   " 

W                 ft 

10  " 

W                ft 

10    " 

ft        ft 

10   " 

ft         ft 

10   " 

ft         ft 

10   " 

ft         ft 

10   " 

H           W 

10  " 

n           w 

10^ 

SPEIilD 

n 

6.7 

k 

.098  let. 

.56 

21.4 

.141 

.4? 

3.3 

17.9 

.21 

.56 

4.7 

15,0 

.286 

.43 

2.5 

13.5 

•  392 

.32 

1.2 

11.7 

.05 

1.82 

57 

17.2 

.10 
.20 

1.82 

1.82 

60 
70 

18.1 
21.1 

.05 

0.56 

7.4 

23.6 

.10 

0.56 

6.9 

22.0 

•20 

0.56 

6.2 

19.8 

.26 

0.56 

6.9 

22.0 

.388 

0.43 

1.6 

8.2 

.510 

0.43 

3.1 

16,7 

•  642 

0.43 

1.4 

7.6 

.760 

0.43 

1.2 

6.5 

.234 

0.68 

4.7 

10.2 

.409 

^.68 

6o8 

14.7 

•  56 

0.68 

5.4 

11. T 

.67 

0.68 

4.9 

10.6 

.36 

0.405 

2.2 

13.4 

•49 

0.406 

2.7 

16.6 

•  624 

0.405 

1.7 

10.4 

•  76 

0.405 

1.7 

10.4 

.83 

0.405 

1.8 

11.0 

.88 

0.405 

1.9 

11.6 

n 


SUMl'AHY  OF  DATA    (continued) 
SHIP  LENGTH  SPaSD  n  fe""' 

New  Mexico   10  feet 

H  ft  10  " 

n  If  3^Q 

New  Mexico   in 

H  n  3_Q 

"        "  10 

10 

«•  n  iQ 

«  "  10 

W  If  ^(^ 

"        "  10 

10 


Hote:-     Speeds   up  to  2o3  MoP.TT,   aboye   which  resistance 
increesee • 


o93  kt« 

0.405 

2.0 

12.2 

.19  " 

1.5 

14 

6.2 

«24  " 

1.5 

17.4 

7,T 

.29 

1.5 

22/6 

10.1 

o345 

1.5 

23. 

10,2 

.39 

1.5 

30. 

13.3 

.43 

lc5 

38. 

16.9 

.46 

1.5 

41. 

18.2 

.095 

2.82 

52 

6.5 

.13 

2.82 

58 

T.2 

.19 

2.82 

63 

7.9 

.23 

2,82 

Tl 

8,9 

.26 

2.82 

99 

12.4 

.31 

2,82 

96 

12.0 

u  yoj  invos 
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